SUMMARY: Here, we compare the sunspot counts and the number of sunspot groups (SGs) with variations of total solar irradiance (TSI), magnetic activity, Ca II K-flux, faculae and plage areas. We applied a time series method for extracting the data over the descending phases of solar activity cycles (SACs) 21, 22 and 23, and the ascending phases 22 and 23. Our results suggest that there is a strong correlation between solar activity indices and the changes in small (A, B, C and H-modified Zurich Classification) and large (D, E and F) SGs. This somewhat unexpected finding suggests that plage regions substantially decreased in spite of the higher number of large SGs in SAC 23 while the Ca II K-flux did not decrease by a large amount nor was it comparable with SAC 22 and relates with C and DEF type SGs. In addition to this, the increase of facular areas which are influenced by large SGs, caused a small percentage decrease in TSI while the decrement of plage areas triggered a higher decrease in the magnetic field flux. Our results thus reveal the potential of such a detailed comparison of the SG analysis with solar activity indices for better understanding and predicting future trends in the SACs.
INTRODUCTION
The variability of solar activity indices such as the total solar irradiance (TSI), the F10.7 cm solar radio flux (F10.7) and the E10.7 ultraviolet flux (E10.7), magnetic activity, sunspot counts (SSCs), number of sunspot groups (SGs), facular area (FA), Ca II K-flux and plage area (PA) is very important in understanding the structure of solar activity cycles (SACs). Detailed statistics for the magnetic flux will be analyzed by comparing it with time series of other solar activity indices according to the group type and sunspot size. As found by the detailed analysis of Kilcik et al. (2011) , Lefévre and Clette (2011) , Kilcik et al. (2014a Kilcik et al. ( , 2014b , there was an important deficit in small groups after the last activity maximum in 2002 while the number of large groups remained largely stable.
For large (D, E and F) SGs, the monthly total number of sunspots was similar in both SACs 22 and 23, while the monthly total sunspot area (SSA) was larger in SAC 22. The average of large SSA was about 25% smaller in SAC 23 than in SAC 22 (Kilcik et al. 2011) . For small (A and B) , medium (C) and decaying (H) SGs, the total number of sunspots was higher in SAC 22 than in SAC 23. In addition to this, the monthly total SSA was larger in SAC 22 than in SAC 23. The average areas of small sunspots were nearly the same in both SACs. In general, the numbers of large SGs reach maxima in the middle of the SAC (phases 0.45-0.5) while the international sunspot numbers (ISSN) and the numbers of small SGs generally peak much earlier (SAC phases 0.29-0.35) (Kilcik et al. 2011) .
The TSI vary mostly because of changes in the areas of dark sunspots and bright faculae (Chapman, Cookson and Dobias 1997) . The number of large and small SGs, and the maximum TSI level for cycle 21 were higher than those for cycle 22 (Kilcik et al. 2011 ). However, de Toma et al. (2004) mentioned that the TSI did not change significantly from cycle 22 to cycle 23 despite the decrease in sunspot activity of SAC 23 relative to SAC 22.
The TSI, magnetic activity, SSA and FA show better agreement with the number of large SGs than they do with the small ones (Kilcik et al. 2011 ). However, there are two important solar activity indices such as Ca II K-flux and plage regions which still need to be analyzed and compared with variations of large and small SGs. The intensity calibration of Ca II K-line images, however, is very difficult because of the contributions from the quiet Sun limb darkening curve. In addition to this, observations near the core of the ionized Ca II K-line (393.37 nm) are one of the most effective tools in investigating the morphology and evolution of both plages and chromospheric magnetic network (Raju and Singh 2014) .
In the present paper, TSI, magnetic activity, sunspots/SGs, Ca II K-flux, FA and PA data are examined, and a time series method is done to explain the unexpected variation in solar activity indices in the last SAC (SAC 23). The aim of the paper is comparing the relation between solar activity indices with the number and the different type of sunspots/SGs in SACs 21-23 by applying time series for the first time. We used the group length to define the class type which is a simple but effective parameter to study spot groups and identify the activity proxies. Thus, we find a relation between different types of SGs and the variation of solar activity indices.
The organization of the paper is as follows. In Section 2, we give the data description and explain the data application technique. In Section 3, we discuss the results and in Section 4, we present our conclusions.
DATA DESCRIPTION AND APPLICATION TECHNIQUE

Data Description
All SG classification data used here were taken from the National Geographical Data Center † and they include various observational parameters of SGs and SSCs for each group recorded during the observed day. The data are collected by the United States Air Force/Mount Wilson Observatory (USAF/MWL). This database also includes measurements from Ramey, Palehau, Learmonth, Rome, Holloman and San Vito Solar Observatories, and others. We used the Rome Astronomical Observatory (ROME), and the Learmonth Solar Observatory (LEAR) data as the principal data source for SAC 21, and SACs 22 and 23 respectively while the gaps were filled with records from one of the other stations listed above, so that a nearly continuous time series was produced. For better comparison, ROME small SGs and ROME large SGs were multiplied by 1.6 and 1.2 to match the LEAR measurements, respectively.
Here, the Zurich classification for cycle 21 and the modified Zurich (McIntosh) classification (McIntosh 1981 (McIntosh , 1990 ) data for cycles 22-23 and the first half of cycle 24 were used (for more details, see Kilcik et al. 2011 ). We followed a technique similar to that given in the work of Kilcik et al. (2011) during the selection of classification. The data for TSI and magnetic field (full disk magnetic activity of the Sun) were taken from the SOLAR2000 data ‡ and the Wilcox Solar Observatory § , respectively. The data for faculae and Ca II K-line (393.37 nm) are based on daily synoptic full-disk images obtained by photoelectric photometry of sunspots at the San Fernando Observatory (SFO) ¶ . The plage and Ca II K-flux observations were taken from the Kodaikanal Data (KKL) (Singh et al. 2012 , Raju and Singh 2014 , Priyal et al. 2014 ). However, we preferred using the Ca II K-line images from SFO to compare with the faculae observations from the same observatory.
The detection of PA is very hard and only few observatories have a reliable detection of plage data. The KKL Observatory is one of these research centers, however, there are some problems with obtaining the data. There are gaps in the data due to bad weather conditions; the long gaps are mainly seen in the rainy season (Priyal et al. 2014) . In spite of having some gaps depending on the large amount of difference in weather conditions, the KKL Observatory has still got one of the better plage data amoung the stations.
Data Application Technique
We (Hunter 2007) in Python Notebook environment (Perez and Granger 2007) . The application procedure with Python is as follows:
(1) To mitigate the effect of data gaps, we collected the total daily number of SGs and SSCs of a given group type, and then averaged it over the month, thus obtaining a parameter, essentially independent of data gaps. The magnetic field, TSI, FA, Ca II K-flux, PA and the ratio of FA to Ca II K-flux data were grouped for each month in order to be consistent with the monthly averaged SSCs by applying the aggregate function of the arithmetic mean. The merging operation allowed us to compare the data exactly belonging to the same time step.
(2) The cross-correlation technique between SGs and solar activity indices is applied to unsmoothed monthly mean values, and then a simple moving average of time series was calculated. If two data sets were compared over months, data smoothing was done by selecting the window size of the simple moving average as 7 days. This 7-day running mean is clearly seen in the bold continuous curves in all figures throughout the paper.
(3) Bar plots were generated by grouping the time series data into years and averaging the data of each year by its arithmetic mean. Each type of SSC was normalized by dividing it by the sum of all types of SSCs.
(4) After normalization, SSCs were grouped by year, and then averaged for each year. As can be seen from bar plots, the sum of all normalized and averaged SSCs is equal to one for each year. For all histograms, the normalization for each year is given by:
where the total sunspot number (TSSN) was calculated for every month, and then each sunspot number (SSN) divided by TSSN. Here "AB" corresponds to A and B type sunspot groups while D, E and F type sunspot groups are mentioned as "DEF" through the paper to make the identifications easier.
(5) Performing such a normalization allowed us to investigate the relative change of SSCs by type for each year. In order to measure whether there is a linear relation between different time series, Pearson product-moment correlation coefficients were calculated. In general, the Pearson product-moment correlation coefficient of two independent variable sets containing n items can be calculated by using the following formula:
where x 1 ,..., x n and y 1 ,..., y n are two independent variable sets and i is the item index.
RESULTS AND DISCUSSION
Comparison of Sunspot Groups with Magnetic Activity and TSI
To delineate the role of various features of the solar activity indices, we compare the time variations of these parameters with the different type of SG numbers and SSCs. We further investigate the relationship between these parameters during the decreasing phases of SACs 21-23 and increasing phases of SACs 22-23. In Figs. 1(a) and 1(b), we plot the sum of smoothed monthly mean number of SGs (SMMNSGs) and monthly mean number of SSCs (MMNSSCs) for the sunspot classes "AB, C, H" and "DEF" on the right hand side of the y-axis while the left hand side of the y-axis corresponds to the scale of magnetic field in the units of µT.
In Figs. 2(a) and 2(b), we plot the sum of SMMNSGs and MMNSSCs for the sunspot classes "AB, C, H" and "DEF" on the right hand side of the y-axis while the left hand side of the y-axis corresponds to TSI in the units of W/m 2 . In Fig. 1 , the number of AB SGs in the maximum phase of SAC 22 is higher than in SAC 23 and it is the same in the minimum phases (SAC 22 > SAC 21 > SAC 23) and these SGs did not increase even in the beginning of SAC 24. The number of C type SGs is also higher in the maximum of SAC 22 than in SAC 23 and it decreased to zero in the minimum of SAC 23. In DEF groups, there has been no important difference between all cycles and the number of these groups in the first and second maxima are SAC 22 SAC 23 and SAC 22 SAC 23, respectively while the minima in SAC 21 showed a similar decrease to the minima in SAC 22. H groups showed similar numbers in the maximum phases of SACs 22 and 23, and no distinct data in the decreasing phase for some observing days. Our results correspond to the work of Kilcik et al. (2014b) .
Fig. 1. Temporal variations of absolute values of monthly grouped and averaged magnetic field are compared with time series of AB, C, H and the DEF type SGs and SSCs. The thick lines are used for smoothed time series.
The magnetic activity was distinctively lower in SAC 23. Small and large SGs started to rise before the magnetic activity increase occurs in SAC 23 while SGs and magnetic activity change in a synchronized way in SAC 22 as seen in Figs. 1(a) and 1(b). In Fig.  1(a) , the second maximum of SAC 22 is seen at the end of 1991 while C type SGs are correlated with the first peak of the magnetic field. However, there is a huge difference in the second peak of the magnetic field in SAC 23 (in the middle of 2003) with C type sunspot groups. In Fig. 1(b) , the first (at the end of 1989) and the second (at the end of 1991) peaks of magnetic field are correlated with large SGs. In contrast to this, the magnetic activity is substantially lower in SAC 23 while large SGs are still comparable with SAC 22. Lefévre and Clette (2011) also found that there was no significant difference in the distributions from D to F groups even in the short lifetime tails and our results prove all these conclusions.
The TSI profile for cycle 23 has a distinct double peak, and the second peak began in the middle of 2001 approximately finishing at the end of 2002, thus coinciding with the peak of the large SG numbers while the double peak in SAC 22 showed comparable increases with large SGs. In SAC 23, large SGs reach their maximum numbers about 2 years later than the small ones as seen in Figs. 1 and 2. This time difference is more effective for the magnetic field than in TSI. Small groups are effective in TSI after the maxima in SAC 22 (in the beginning of 1990) and in the maxima of SAC 23 (in the year 2000) as seen in Fig. 2 (a) and C type SGs are more correlated with TSI profiles both for SACs 22 and 23 than the other small type SGs.
In our results for the variations of magnetic activity and TSI, we found that the intensity of magnetic activity decreased even in the increasing phase of SAC 23 while TSI did not change significantly as compared to previous cycles. Depending on the extended strength of SAC, the average temperature and the magnetic field intensity decrease. Decreasing temperature will cause the decrease of the radiation and intensity. On the other hand, SAC 23 has got its own pecularities than the other solar cycles and we have referred to this unexpected variation in SAC 23 in our first paper (Göker et al. 2017) . From this respect, we approved to apply the connection between magnetic activity, TSI, faculae, Ca II K-flux and plage area, and different type of SSCs/SGs. Particularly, the connection between magnetic activity and small and large SGs was compared for the first time in our work. From this comparison, we found that magnetic activity reached the minimum values with lower small type SGs. Both small and large SGs start to appear before the magnetic field increasing occurs in SAC 23 while SGs and magnetic field are changing in a synchronized way in SAC 22. Small SGs are important for magnetic activity because the We examined the occurrence of spot groups based on their class type in the modified Zurich classification which is based on sunspot morphology and group length while Lefévre and Clette (2011 ) and de Toma et al. (2004 , 2013 separated SGs according to the group type/spot size and group area, respectively. This is a very important difference between our work and the studies of Lefévre and Clette (2011 ) and de Toma et al. (2004 , 2013 . However, all these studies which are made by using different classification techniques for the same data strongly support our results.
Facular Area and Ca II K-flux
In Figs. 3(a) and 3(b) , we plot the sum of SMMNSGs and MMNSSCs for the sunspot classes "AB, C, H" and "DEF" corresponding to the values of Ca II K-flux. In Fig. 3(a) The area ratio of faculae to Ca II K-flux was 60% in the SAC 22 and 69% in the SAC 23. This is because of the decrease of Ca II K-flux in the last solar cycle (SAC 23). The coverage of FA on the solar surface decreased by only 20% from SAC 22 to SAC 23, however, this decrease was 30% for Ca II K-flux.
As it can be seen in our results, Ca II K-flux is obviously lower in SAC 23 both for small and large SGs, while, the Ca II K-flux variations are compara-ble with C (essentially) and DEF type SGs. Small SGs (especially AB type groups) correlate with the Ca II K-flux in SAC 22 while they move away from the correlation in SAC 23 (in the year 1999). In the increasing phase of SAC 23, FA starts to increase from 1996 to 2000 because FA correlates with large SGs. On the other hand, the FA ratio decreases with increasing activity levels whereas FA shows an increase in the decreasing phase of SAC 23 because of large SGs did not change significantly. Another conspicuous feature is the separation from synchronization for FA and Ca II K-flux at the beginning of 1999. FA starts to increase since the beginning of 1999 until the middle of 2009 and it starts to increase again after the year 2010. This is because of the connection between "FA and TSI" and "Ca II Kflux and magnetic activity". The decrease of small SGs caused the decrease of magnetic activity and Ca II K-flux in SAC 23 while large SGs remained unchanged. This is a normal result for Ca II K-flux and magnetic activity because Ca II K-flux is associated with the flux of magnetic field. FA started to separate from synchronization depending on large SGs and this relationship also explains the more or less steady TSI variations between SACs 21-23 because FA and TSI are more related with sunspot counts and group numbers.
In Fig. (4) , we applied the yearly variations of solar activity indices in one column and all boxes here give the percentage share of these parameters. In Fig. 4(a) , the decrease is clear for Ca II K-flux in SAC 23 and in the ascending phase of SAC 24. This histogram shows that, in the descending phase of SAC 22, the Ca II K-flux decreases with the decreasing percentage of SGs as C > DEF > AB from 1991 to 1995. However, the total number of large SGs are still higher in the increasing phase of SAC 23. The Ca II K-flux is increasing with DEF SGs, however, the highest increase is seen for AB SGs. In Fig. 4(b) , FA and Ca II K-flux show similar variations in the increasing phase of SAC 22 from the year 1988 to 1990. In the decreasing phase of SAC 22, the FA is higher in the year 1991 but it is still comparable either for Ca II K-flux or the number of large SGs. In the increasing phase of SAC 23, FA started to increase from 1996 to 2000. The total area of faculae was higher even in the decreasing phase of SAC 23 (from the beginning of 2001) as opposed to Ca II K-flux. The average area of Ca II K-flux (and faculae) in the descending phase of SAC 22, increasing phase of SAC 23, decreasing phase of SAC 23, and beginning of the increasing phase of SAC 24 are 37% (63%), 45% (56%), 13% (87%) and 13% (87%), respectively.
The total area of plages decreases both for the descending and ascending phases of SAC 23 as seen in Fig 4(c) . The most important decrease was seen in the descending phase of SAC 23 (SAC 22 (38%) SAC 23 (25.3%)), however, it was comparable in the ascending phase of SAC 23 (SAC 22 (19.6%) ≈ SAC 23 (17%)). The average of PA was distinctively lower in the descending phase of SAC 23 (SAC 22 (36%) SAC 23 (20%)) while it was comparable in the ascending phase of SAC 23 (SAC 22 (23.4%) ≈ SAC 23 (20.4%)).
In Fig. 4(d) , we plot the grouped ratio of FA to Ca II K-flux on the left hand side of the y-axis while the right hand side of the y-axis corresponds to PA, FA and Ca II K-flux for the given years on the x -axis. The total area ratio of faculae to Ca II K-flux, the total area of plages, faculae and Ca II Kflux percentages are given as 31%, 47.44%, 42% and 34.43% and 46%, 31.3%, 43.87% and 53.28% in the descending phases of SAC 22 and SAC 23, respectively.
The average values of the area ratio of faculae to Ca II K-flux, the area of plages, faculae and Ca II K-flux percentages are given as 31.8%, 47.40%, 43.66% and 36.78% and 39%, 26%, 38% and 47.46% in the descending phases of SACs 22 and 23, respectively. When we compare the descending phases of SACs 22 and 23, the highest values were found for the average area of plages in SAC 22 and only the average area of faculae was decreased in SAC 23 in contrast to the total area of faculae. In addition to this, when we compare the bar plots of PA with the averaged SSCs, they are mostly related with DEF and C type SGs rather than AB and H class SGs. We must remember one important thing that there were no available plage data for the whole year of 1997.
Bar graphs in Fig. 4 are very important figures in our work because they are an effective way to compare solar activity indices between different sunspots/SGs; they summarize large data set in a visual form; they show how a group of variables changes over time and this visual representation is designed to make it easier to understand the data presented; it may also highlight the specific relevant features of the data; they make it easy to compare the relative size of quantities and they allow the reader to recognize patterns of trends far more easily than looking at data tables.
Plage Regions
In Fig. 5(a) , we plot the sum of SMMNSGs and MMNSSCs for the sunspot classes "AB, C, H" and "DEF" on the right hand side of the y-axis while the left hand side of the y-axis corresponds to the values of the monthly grouped and averaged PA. In Fig.  5(a) , it is clearly seen that DEF SGs start to rise before the PA evolved, however, the other SGs follow the evolution steps of PA. In addition to this, the area covered by plages on the Sun highly decreased after the middle of the year 2002. In the increasing and decreasing phases of SAC 22, the first and second peaks of DEF SGs were seen at the beginning of 1990 and at the beginning of 1992, respectively while the one and only peak was seen for the PA in the middle of 1991. In the descending phase of SAC The Pearson correlation coefficient, r, can take a range of values from +1 to -1. The stronger the association of the two variables, the closer the Pearson correlation coefficient, r, will be either to +1 or -1 depending on whether the relationship is positive or negative, respectively. If r =0, it indicates that there is no association between the two variables. In Table 1 , we presented the Pearson correlation coefficients of solar activity indices with different sunspot categories. As seen in Table 1 , the Pearson correlation coefficients of TSI, FA and Ca II K-flux highly correlate with C and DEF type SGs while |B| and PA coefficients have lower correlation values. Especially in PA, these lower values can easily be seen for DEF and H type SGs. From here, we can say that the most important variation in the last SAC was seen for plage regions and this variation also affected the emergence of the magnetic field from the Sun. This unexpected variation in the flux of the magnetic field in SAC 23 was caused by the different physical features of the Sun's itself and the dimension of PA. This variation of large SGs was especially effective in the second maximum peak (after the year 2002) and FA were even higher from the beginning of 2001 while PA decreased after the middle of the year 2002. For this reason, bar graphs in Fig. 4 show these changes more distinctly and they also identify the lower (or higher) values of correlation coefficients in Table 1 . This is why we need to add these graphs in our paper. The deviation from a stronger correlation mainly depends two important reason: (1) small amount of data points (e.g. PA data) and (2) unexpected physical conditions during SAC (e.g. SAC 23).
The coefficient of determination, r 2 , is the square of the Pearson correlation coefficient. The coefficient of determination, with respect to correlation, is the proportion of the variance that is shared by both variables. As seen from the coefficient of determination values for TSI, FA and Ca II K-flux activity indices with AB, C and DEF type SGs, the uncertainty is lower (approximately, 20% − 30%) while the uncertainty is increasing for the magnetic field and PA (approximately, 60% − 90%) which is assumed. This increase is caused by the unexpected physical changes in SAC 23 and these uncertain values can only be understood from the inner and/or surface changes from the Sun by using helioseismic models and/or other activity models, respectively.
CONCLUSIONS
The anomalous activity from the beginning of SAC 23 can play a significant role in the further development of SAC 24 and in the forecasting of activity parameters for the future cycles. Our current results show the importance of solar activity indices (especially plage regions) to the length of 11yr SAC and their relation between the time distribution of SGs depending on their types. In SAC 23, the surfaces covered by plages on the Sun were smaller and this might have caused the increase of the ratio between facula and plage, and the magnetic flux from the Sun was lower. In spite of a large amount of data being available for plage regions, the reliable detection of plage areas still needs to be put beyond doubt.
In our paper, we compared the relation between solar activity indices with the number and the different type of sunspots/SGs, and found an important connection between them. Namely, large SGs (DEF SGs) follow SACs well-ordered than the small ones, and C and AB type SGs follow this coherence in the second and third orders. This is the key innovation from the previous studies brought by our approach. De Toma et al. (2013) concluded that the total SSA was about 27% lower during the maximum phase of SAC 23 than during the maximum phase of SAC 22, and a similar decrease was also seen in FA and magnetic flux but not in TSI. We found a similar decrease for magnetic flux and total SSA but not in FA and TSI. In SAC 23, large SGs reached their maximum numbers about 2 years later than the small SGs and this difference is more distinctive for the magnetic field than TSI because the magnetic field relates with small SGs and plage regions while large SGs are more sensitive to TSI. In the same way, FAs which connect with TSI are evaluated before the evolution of plage regions, so they would reach the maximum phase before PAs. In this respect, we found a linear relation between large (DEF type) SGs and FA, and a nonlinear relation between DEF SGs and PA. Ca II K-flux and PA variations are comparable with C and DEF type SGs. Kilcik et al. (2011) and de Toma et al. (2014) showed similar connection to our results between TSI, large SGs and bright faculae associated with them for SACs 22 and 23.
The main difference between our discussion of spot groups and the discussion in the work of de Toma et al. (2014) is that they divided the groups into five categories based on their area while we separated groups into only two categories according to their morphology as given by Kilcik et al. (2011) . We think the group length used to define the class type is a simple but effective parameter to study spot groups and identify the activity proxies. Chapman et al. (2014) also indicated the importance of the year 1999 with the declining of magnetic activity and the increasing of facular-to-spot-area ratio as it is given in our results and they concluded that the apparent decline in field strength of sunspots is due to a changing distribution of sunspot sizes over time. De Toma et al. (2004) also found lower values for sunspot and facular areas for SAC 23, by about 37% and 46% than SAC 22, respectively. We found a similar lower value for the total area ratio of faculae to Ca II K-flux from our results, but in spite of this, the lower sunspot area value is found only for small SGs (mainly AB type SGs). We also found that FA and Ca II K-flux were separated from synchronization at the beginning of 1999 and FA started to increase.
The results for PA include the most important part in our discussion because obtaining the PA data is not easy and the results obtained for the PA data will complete a big puzzle between the solar activity indices. The most important decrease for the total and the average area of plages was seen in the decreasing phase of SAC 23. From our results, we can say that plage regions and the emergence of the magnetic flux from the Sun have shown the most distinctive variations between SACs 21-23 than the other solar activity indices.
